Vol. 140, No. 3 June, 1971
THE

BIOLOGICAL BULLETIN

PUBLISHED BY THE MARINE BIOLOGICAL LABORATORY

A SUMMARY OF INVERTEBRATE LEUCOCYTE MORPHOLOGY
WITH EMPHASIS ON BLOOD ELEMENTS OF THIE
MANILA CLAM, TAPES SEMIDECUSSATA?

DANIEL P. CHENEY 2

College of Fisheries, 204 Fisheries, University of Washington, Seattle, 1 ushington

Metchnikotf (1968, page 76) in 1891 defined leucocytes as **. . . colorless cells,
possessing one or rarely two nuclei and a protoplasmic body capable of amocboid
movement. In many invertebrates there is only one variety of mobile blood cor-
puscles containing a few sparse granules, whereas in certain others, such as many
insects and molluscs, two varieties occur—granular lencocytes, with a large number
of coarse granules, and hyaline leucocytes, with few or no granules.”

Within the broad range of this definition, the literature has been abundantly
supplied with an array of names assigned to leucocytic cells.  Up to 76 different
morphological varieties of cell tvpes were classified from lamellibranch molluses
in one paper (Betances, 1922). A few general reviews are available for informa-
tion in invertebrate hematology. Of some use are Andrew (1965), Hyman (1967)
and other volumes in the same series:; Grassé (1960) and other volumes in this
series ; Maupin (1969) ; and Cuénot (1891, 1897 ).

In this study, the morphology and morphometrics of the leucocytes of Tapes
senidecussata are described and related to criteria for general leucocyte forms.
The literature describing leucocyte form and function within the invertebrate phyla
is summarized in Table I. This table is not a complete review of the known
literature but is an attempt to reduce the number of named forms to broad cate-
gories of similar cytology and function.

METIHHODS AND MATERIALS

The Manila clam (Japanese littleneck, Philippine clam), Tapes semidecussata
(Protothaca (Venerupis) japonica Deshayes: Paphia philippinarus Adams and

1 Part of a thesis submitted to the graduate faculty of the University of Washington in
partial fulfillment of the requirements for the degree of I)nct()rruf Philosophy.

2 Present address: The Marine Laboratory, University of Guam, P.O. Box EK, Agana,
Guarm.
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362 DANIEL P. CHENEY

Reeve) (Cahn, 1951) was collected from the grounds of the Western Oyster Co.
in Burley [Lagoon, a confined hay in southern Puget Sound near Purdy, Washing-
ton.  The clams were held at the Northwest Marine llealth Sciences Research
Laboratory (Purdy, Washington) in large flats supplied with ultraviolet light-
treated flowing sea water.

Animal preparation: fivation, cutting and staining

Animals were routinely fixed in cold Davidson's fixative (formalin-acetic acid-
alcohol modified with sea water) and transferred to 50% and 70% ethanol. A
few samples were fixed in gluteraldehyde-formalin in preparation for methacrylate
embedding.

Blocks for paraffin embedding were taken from sagittal sections (anterior to
posterior axis of the adductor nscles) or from mantle tissue, and carried through
a graded series of alcohol, xylene and paraffin.  Sections were cut on a rotary
microtome at 3 to 7 p (1 to 2 for plastic). The slides were then stained in
Harris hematoxyhin and eosin. Plastic embedded sections were stained with
toluidine Dlue.

Fluid from the pericardial cavity was obtained before the clams were fixed,
and the blood cells were observed in the unfixed state with phase-contrast optics
or fixed, stained and observed with bright-field optics.

Fixed and stained preparations were obtained by allowing a sample (0.01 ml
or greater) of blood to settle on a glass slide for approximately five minutes, fixing
these cells for five minutes in 4% formalin m sea water and then rinsing the slide
with 95% ethanol and allowing it to air dry. The prepared slides were stained
directly after fixation with Giemsa stain diluted 1:20 with Sorensen’s phosphate
buffer at pH 7.5 and 3% absolute methanol. After staining for 20 minutes the
slides were rinsed with pH 7.5 buffer and air dried.

Cell counts

Cell counts were conducted on five animals with a modified Neubauer count-
ing chamber. The counts were made directly on living cells without dilution. Cell
morphometrics were determined in living and fixed preparations using an eyvepiece
micrometer.

Differential analyses of leucocytes in connective tissue underlying midgut and
style sac epithelia were conducted on clams held for 1 to 30 days and 30 to 50
days in the Purdy Laboratory. To maintain as much uniformity in the counts as
possible, the leucocytes were classified, with respect to nuclear diameter, as follows:
small, 1.5 to 3 p; medium, 3 to 6 p: and large, 6 to 8 . Nuclei less than or equal
to 3 p were placed in the small class while those greater than or equal to 6 p were
classed as large. Total cell size was estimated visually by the relationship of a
medium nucleus to cyvtoplasmic radius. A cytoplasmic radius of less than one
nuclear diameter designated a small cell, equal to one nuclear diameter a medium
cell, and greater than one nuclear diameter. a large cell. Cells which exhibited
heterochromatic DNA were differentiated in the counts from euchromatic forms.
All differential cell counts were conducted with phase-contrast optics to facilitate
recognition of cell boundaries.
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REsvLrs Axp Discussion
Distribution

The leucocytes of 1. semidecussata, like those of vertebrates, are transient cells,
found in varving numbers in all tissues, including the muscle and kidnev. They

R -~

Freure 1. Living unstained leucocytes from 7. semidecussata, A. Hyaline leucocyte
with moderately filamentous pseudopodia, B. similar to A, but smaller and with greater radia-
tion of pseudopodia, C. Hyaline leucocyte, with central granulation and peripheral cytoplasmic
concentrations, D. similar to C, but without granulation and with petaloid pseudopodia, 1150 X.
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represent a distinet and adentifiable group dispersed among the fibrous reticutum
of loose connective tissue and hetween epithelial cells and muscle fibers, and are
especially abundant in the subepithelial arcas surrounding the Gl tract, between
¢ill lamellae and beneath the mantle epithelium.  Normal appearing animals usu-
ally presented a pattern of diffusely dispersed leucocytes with some localized con-
centrations mainly beneath the mantle epithelium (small and medium forms) and
gill lTamellac connective tissue (large pigment cell forms).  Tyaline and pigmented
lencocvtes were often infiltrated into the gastric epithelium, especially in the hindgut.
Yonge (1923) observed a similar distribution of leucocytes in the epithelium
and connective tissues of the clam, Mya arenaria. In this regard, Taughton
(193:4), Wagge (1935) and Owen (1966) have reviewed literature referring to
distributional patterns of leucocyvies in other molluscs, especially gastropods.

Morphometrics

Many morphologically different leucocytes forms were observed both i tissue
section and in fixed and living cells drawn from the pericardial cavitv; however,
most differences seemed to be correlated with the various preparative techniques
emploved.  Paraffin-embedded material stained with hematoxylin and eosin, with
observations mainly centered on connective tissue of the gill, mantle and GIT tract,
did not usually resolve the acidophilic granularity.  Nuclear size, shape and posi-
tion, and total cell size and shape remained as the principal gross features discrimi-
nating the cells.

The acidophilic cells in fixed suspensions generally had ovoid and ecccentric
nuclei, 1.4 by 2.9 microns, and the granules, when seen, were numerous.  Prepara-
tions from some individuals revealed many heterochromatic nucler in such cells.
Nuclei of the hyaline leucocytes were usually round and central and varied greatly
in size from 3 to 8 microns.  Total cell size of these forms was extremely variable
and ranged from - to 12 microns. At times, examples of the “pigment or brown”
cells were observed in living cells, and some cells which approached the form of
leucoblasts were seen.  All cells seen in pericardial fluid formed psendopodia
(Figs. 1 and 2). Dissociated epithelial cells also exhibited pseudopodia forma-
tion and amoeboid movement. Granulocyvtic leucocytes may be distinguished in
life by “spike” pseudopodia and very little motion. lyaline leucocytes usually
exhibit lobate pseudopodia and rapid motion.  Both seem to be able to form
branched filamentous pseudopodia (Figs. la, 2b).

Morphological features of the cell groups

The largest leucocvtic cell observed in tissue section appearcd similar to the
vertebrate hemocytoblast (Bloom and Fawcett, 1962}, 1t was infrequently scen
in the Giemsa preparations and formed a homogeneous group in the maximum size
range (6 to Sp). The next major size range, cells with medium-size nuclei (3
to 6 ). was a heterogencous population and represented the largest proportion of
all Jeucocyte types found in tissue sections and in pericardial fuid. The smaller
forms were the most abundant in tissue sections, but it must be noted that packing
in sections does not always make them comparable with those seen in the pericardial
fluid.  Generally it may be concluded that the majority of medium leucocvtes have
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a liyaline cyvtoplasm in which acidophilic granules can he resolved with oil immer-
sion i 1} 4 plastic sections.  Smaller cells appear to have fewer acidophilic gran-
ules, while the largest forms are more commonly amphoteric and basophilic.  The
nuclei of the medium-sized cells grade rather imperceptibly into the small nuclei
groups (1.3-3 ). Between medium-sized and small cells many transitional types

Ficure 2. Living, unstained leucocytes from 7. semidecussata, A. Hyalne leucocyte with
lobate pseudopodia and an eccentric nucleus, B. Granulocyte with extensive filamentous pseudo-
podia, C. Granulocyte (lower) with hyaline cytoplasm occupying one pole, D. granulocyte with
thin pseudopodia where adhered to glass; probably a morphological variant of C, 440 >.
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occur in contrast to the sharp differences noted between Targe and medium types.
The cells with small nuclet are round or extremely elongate.  Small elongate,
irregular nuelei were usually euchromatie ; however, heterochromatic or pyenotic
round nuclei (usually 1.5-3 p) were seen in varying proportions depending on the
sample time and staining intensity.  This heterochromasia was usually but not
always associated with large eells (small nuelei) containing many granules.  In
bright field, with unstained preparations, this granularity  presented a vellow
to vellowish-hrown coloration, the latter defined as a pigment cell character.
The nucler of all cells seemed to become more eccentric as granularity increased
and the shape remained round except when compressed against the cell mem-
brane.  Except for some large leucocytes, nucleoli were not visible.

TasrLre I

Differential counts of connective tissue lewicocytes tn the Manila dlam, Tapes semidecussata. Group [
(n = 14) was held for I to 30 days in running seawaler. Group Il (n = I4) was
held for 30 to 50 days in the same system. 100 cells were
counted per individual

‘ : ‘ ,
Group | RNt | B I R L I A I W i 7ol ot
| 36 | 113 59 e 36 | 140 | 7.1
153 | 6-12 | 195 | 55 | 102 1,53 | 612 | 321 128 | 59.0
1216 | 94 35 | 1216 | 129 4.7 |
B RGNS o S | ISR
36 1316 123 | | 36 | 201 98
. 36 | 612 | 184 | 62| 539 36 | 642|129 | 731 3738
‘ 12-16 | 39 | 2.2 1216 38 2.9
- | _ I S - I P— B . "
36 | 12| 15 3.6 10 ] 1.3
6-8 612 29 | 17 5.9 6-8 | 6-12| 15| 19 3.2
12216 . 18| 1.3 12-16 | 0.7 | 1.3 |
153 Al 245 | 6.6 1.5-3 Al 100 1322

|

* Heterochromatic nuclei.

Changes in the proportions of lencocytes possibly due to prolonged storage of
clams under artificial conditions are shown in Table 1. A comparison of differ-
ences in relative numbers between cell sizes and groups held for 1 to 30 days and
30 to 30 days suggest an increase i small-heterochromatic forms in the latter
group.  Tests employing the single classification analysis of variance were con-
ducted to determine the significance of differences between groups for cach nuclear
size classification shown in Table I1. The significance levels for acceptance of
the hypothesis that the means of hoth groups were similar (M, = M,) were as
follows: all small forms, P < 0.001 (& = 18.74) : heterochromatic small forms,
P <0001 (F=19.68): mediumn forms, I < 0.005 (F = 10.57) ; and large forms,
not significant (I = 2.31). The heterochromasia exhibited by many small cells
probably indicates some loss of cell function or degeneration (Robbins, 1967).
The gross and histologic appearance of both groups was similar.

.
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SUMMARY

The morphology and known functions of leucocyies have been tabulated and
compared for most invertebrate phyla.  The leucocvtes of the Manila clam are
similar in form to molluscan leucocytes described by other investigators. Two
general types were seen.  One was a hvaline leucocyte (“leucocyte”) and the other
a granular leucocvte (“granulocyte™ ). Cells in these categories showed extreme
variations in size and staining characteristics. A decrease in nuclear size often
was correlated with an increase in nuclear heterochromasia and eccentricity and
cvtoplasmic granularity.  The average cell count for all circulating leucocyvtes was
1630 = 180 per mm?,
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